Zantedeschia (Fam. Araceae), a genus of 6 or 7 species, are all native to South Africa, They generally grow in wet, marshy land often at the edge of forests. Z. aethiopica is used in Israel for cut flower production, as well as for rhizome propagation. The crop is mainly grown in unheated greenhouses during winter and early spring. Annual production of Z. aethiopica has increased rapidly over the last few years. This paper reports results of a series of studies on the influence of planting depth and density, leaf removal and growth regulator treatments (gibberellic acid (GA) and benzyl adenine (BA)) on flowering and rhizome production. The objective was to define optimum growing procedures for the production of high yields of top quality Z. aethiopica flowers and rhizomes during the December to May winter growing season in Israel.
INTRODUCTION
Zantedeschia (Fam: Araceae) is a genus of 6 or 7 species, which are all native to South Africa (Bryan, 1989) . Z. aethiopica is commonly known as arum lily, calla, or lily of the Nile. The plant develops rhizomes, which are used for propagation. The arrow shaped leaf blades are borne on long thick leaf stalks that sheathe the stem base. The florets are borne on a spadix with no sterile flowers separating between male and female florets.
When growing in wet, marshy ground in their native habitat, calla plants often reach 180 cm in height. Some varieties are hardy and can tolerate freezing conditions. Even when leaves are damaged by frost, the rhizomes usually survive.
Callas are grown in Israel from late autumn to spring (October to May), mainly in unheated greenhouses, and annual production has rapidly increased over recent years. Although the plant seems to be suitable for growing in Israel, failure to flower, late flowering and flower deformation often occur. Previous studies have shown that temperature affects calla development: optimum temperatures for canopy development and for rhizome formation are 17-22°C and 12-17°C, respectively (Lubovski, 1991) .
As in other Araceae, the flowering of calla can be influenced by gibberellic acid 726 treatments (De Hertogh and Le Nard, 1993; Lubovski, 1991) . Pre-plant rhizome dips in 25-50 ppm GA 3 or spraying plants with 100-200 ppm GA 3 improved yields by 100-300%. However, these treatments often cause flower deformation. Flower yield in calla is highly dependent on the number of new shoots developed on the rhizomes (Kobayashi et al., 1977) , each shoot has a potential of producing at least two flowers. Cytokinins are known to increase the development of new shoots, and thus may also increase the number of flowers produced. The aim of this work was to define optimum growing procedures and growth regulator treatments for increasing flower yield and quality during the winter months (from December to May) in Israel. In this paper we report results of studies on the effects of planting depth, planting density, leaf removal and gibberellic acid and cytokinin treatments on flowering and rhizome production.
MATERIALS AND METHODS
Calla (Zantedeschia aethiopica) plants were propagated locally from rhizomes. They were grown either in 20% -shade net houses on an artificial growth medium consisting of a 1:1 mixture of tuff (volcanic scoria) and peat, or in an unheated greenhouse in local soil. Water and fertilizer were applied by drip irrigation as needed.
Rhizomes were treated as follows: a 20 minute dip in BA and/or a 20 minute dip in GA 3 to which 0.3% Captan 50 and 0.5% sodium hypochlorite were added, or a combination of the two treatments applied consecutively. Preplant GA 3 treatments were also supplemented with GA 3 sprays applied at the 5-leaf stage and 3 weeks later ( Table 1) .
Effect of Planting Depth on Flower and Rhizome Yield
Rhizomes (12-14 cm in diameter) were planted (24 plants per m 2 ) in a net house in mid October at different depths (0, 10, 20 cm). Data on flowering (number of flowers per plant, flower length) and rhizome yields were recorded.
Effect of Planting Density and Leaf Removal on Flowering and Rhizome Yield
In the next experiment we tested different planting densities (16, 24 or 30 plants  per m 2 ), at a planting depth of 10 cm. We also tested the effect of leaf removal, which was started at the beginning of December. Leaves were removed by cutting the leaf blade of the oldest leaf on each plant once every 14 or 30 days. Leaf removal started at the tenth leaf. As a control, leaves were not removed throughout the experiment. The number of days from planting to the beginning of flowering, the number of flowers per plant from the start of flowering to the end of April, and flower length were recorded. The rhizomes that were harvested five weeks after the end of flower harvesting were weighed and counted.
Effect of Growth Regulators: GA 3 and BA on Sprouting, Flower Yield and Flower Quality
Rhizomes were planted in an unheated greenhouse on October 23 after pretreatment with BA and GA. Supplementary GA 3 sprays were applied to growing plants at the 5-leaf stage and 3 weeks later, as shown in Table 1 . The number of shoots that sprouted during the first month of growth (Fig. 1) , and the number of flowers harvested until the end of the experiment at the end of April were recorded. The data on flower production is presented separately for the period up to the end of March (the period of highest market demand) and from the beginning of April until the end of the experiment (Fig. 2) . Flower quality was also recorded.
RESULTS

Effect of Planting Depth on Flower and Rhizome Yield
Rhizomes planted 10 cm below soil level yielded more and larger flowers than those planted deeper or at the surface (Table 2) . Rhizome yields (weight and number) were lower for plants planted at soil surface than for plants that were planted deeper. Deep planting (20 cm) yielded the highest rhizome weights, whereas planting at the depth of 10 cm yielded the highest number of daughter rhizomes.
Effect of Planting Density and Leaf Removal on Flowering and Rhizome Yield
When planting density was increased (without leaf removal), the number of flowers per rhizome was not affected (Table 3) . Frequent leaf removal increased flower yield. Flower length increased with higher planting density and with leaf removal. The effects of planting density and leaf removal on the start of flowering are not yet clear, but rhizome yields were highest when leaves were not removed.
Effect of Growth Regulators: GA 3 and BA on Sprouting, Flower Yield and Flower Quality 1. Sprouting. The number of sprouts counted four weeks after planting was affected by the hormonal treatments (Fig. 1) . BA applied to rhizomes before planting (treatments 2, 4, 5 and 7) or GA 3 (treatment 6) increased the number of sprouts, and 350 ppm BA together with GA 3 (treatment 7) yielded the highest number of sprouts. 2. Flowering. BA and GA treatments affected flowering (Fig. 2) . A 350 ppm GA 3 dip combined with 350 ppm BA (treatment 7) yielded approximately 5 times as many flowers during the early flowering period (up to the end of March) as did untreated control plants. This trend continued to the end of the experiment. A single BA dip (treatment 5) yielded the same number of flowers as the combined dip treatment during the first period but slightly less after April. The total calculated yield per hectare for these treatments shows an increase from 150,000 to 1,200,000 flowers.
There is an inconsistency between the number of sprouts and the number of flowers recorded for the BA treatment (treatment 5), comparing Fig. 1 and 2 . This can be explained by the fact that the number of sprouts was only recorded during the first month of growth, and the number of flowers harvested was recorded until the end of the experiment.
Flower quality was also affected by the treatments (Fig. 3) . The combined dip and spray treatment (treatment 7), as well as the single BA dip (treatment 5), yielded the lowest number of abnormal flowers. This includes greenish flowers, as well as malformed ones. The results suggest that GA 3 is the main cause for the production of abnormal flowers. Flower length (data not shown) was not affected by the treatments, all flowers were 70 cm and longer.
DISCUSSION
The results presented above indicate that higher planting densities, which may decrease light penetration, did not reduce the number of flowers produced per plant, as was previously reported for Aconitum where high density of planting significantly inhibited flowering (Luria et al., 1992) . Leaf removal during the growing season significantly increased the number of flowers harvested, and therefore, this practice will increase total flower yield per unit area.
The decrease in rhizome yield by dense planting or leaf removal (Table 3) may be caused by lower levels of assimilates being accumulated by the plants due to reduced total photosynthesis.
Planting depth had a crucial effect on flower yield and quality of Z. aethiopica. Optimum depth for planting rhizomes was found to be approximately 10 cm. Plants growing at this depth yielded more flowers of higher quality than those planted shallower (0 cm) or deeper (20 cm). Similar findings have been reported for other geophytes (De Hertogh, 1993) .
De Hertogh and Le Nard (1993) and Lubovski (1991) have previously shown that spraying Z. aethiopica with giberellic acid increases the yield. In our experiments we found that flowering was also significantly enhanced by preplant rhizome dips in BA.
The recommended planting density is 24 rhizomes m 2 and the planting depth is 10-15 cm. Removal of mature leaves once every 14 days will increase flower yield without reduction in quality. It is important to emphasize that this procedure will drastically decrease the next-generation rhizome yield. Dipping rhizomes in 350 ppm BA and 350 ppm GA 3 followed by two sprays of 350 ppm GA 3 will induce early flowering. Bryan, J.E. 1989. Bulbs. Christopher Halm, London. Vol. II:365-367. De Hertogh A.A. and Le Nard, M. 1993 
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